Vertical specialization is a measure of the import content of exports. Given the widely recognized importance of trade in tasks and global production networks, vertical specialization has recently gained the attention of international trade researchers and policy makers. In this note, we use measured changes in the within-country pattern of vertical specialization to gauge the relevance of task trade for industrial upgrading and economic development. We first calculate vertical specialization (VS) for five countries between 1995 and 2005 -USA, China, India, Brazil and South Africa. We then construct our own measure -the import content of export expansion ratio (ICEER) -to isolate changes in import content from the growth in exports. Since the ICEER measure captures structural change in the import content of exports for each country at the sectoral level, we use ICEER as a proxy for the kind of industrial upgrading associated with raising the proportion of export value accruing to the domestic sector. We name this kind of upgrading 'vertical upgrading'. .
Introduction
Vertical specialization is a measure of the import content of exports. Given the widely recognized importance of trade in tasks and of global production networks, vertical specialization has recently gained the attention of international trade researchers in academe and international organizations 1 . report that trade in intermediates accounted for almost 60 percent of world trade in goods in 2007, up from just over 50 percent in 1999. For services trade, over 70 percent was intermediates trade in 2007. Netting out imports contained in exports is also central to measuring the domestic value added in trade. In extreme cases of vertical specialization, such as China's involvement in the production and export of the Apple iPod or iPad, the exporter generates very little value added in relation to the overall export value -as low as five percent according to one study. 2 This indicates that there can be a large difference between the reported value of bilateral or sectoral exports and the value added contained in those exports. 3 In this short note we seek to connect the analysis of vertical specialization to the question of industrial upgrading within a sector. Researchers have defined various forms of industrial upgrading. 4 Here we focus on a kind of industrial upgrading that is directly related to vertical specialization, upgrading associated with capturing domestically a higher proportion of export value. We name this particular form of industrial upgrading 'vertical upgrading'. If a country's sector reduces the import content of exports (netting out the effect of export growth), then we say the sector has upgraded vertically within a global production network.
This note has six sections. In Section 2, we present a simplified algebraic definition of vertical specialization and discuss the role of the proportionality assumption. In Section 3 we present the calculations of vertical specialization for five countries: Brazil, China, India, the US and South Africa. We compare the calculations to previous studies and then analyse them by looking comparatively across countries and over time. We interpret a decline in vertical specialization as an indicator of industrial upgrading, but add a number of reasons for caution in this interpretation. In Section 4 we introduce our own measure of structural change in the import content of export, in an attempt to overcome some limits of the simple vertical specialization (VS) measure. We term our measure the 'import content of export expansion ratio', or ICEER, and use it in a discussion of industrial upgrading in global value chains. Section 5 concludes.
Calculating vertical specialization
To calculate vertical specialization, the input-output coefficients, trade data, and import content of inputs are combined to give a measure of how much import content is used directly and indirectly in the production of a unit of exports. The fundamental equations for calculating vertical specialization, following the seminal paper by Hummels et al. (2001) , are given as (1) and (2) below:
1 See, for example, Hummels et al. (2001) , Koopman et al. (2010) , WTO (2011 ), Escaith et al. (2010 and Meng et al. (2011) . In 2012, the WTO and OECD announced a joint project to generate an entirely new set of trade data based on vertical specialization. For a critique of this approach to understanding global supply chains, see Sturgeon and Memedovic (2011) . 2 See Linden et al., (2007) , Xi and Detert, (2010) as well as Monge's (2010) treatment of the 'domestic content of exports' in Costa Rica. 3 Baldone et al. (2006) , using similar examples, show that in the presence of high levels of vertical specialization, trade flows will not reflect patters of comparative advantage. 4 For a concise summary of the vast literature on industrial upgrading, see Milberg and Winkler (2011) .
where is the matrix of domestic technical coefficients, which can be computed from a country's basic input-output flows data, is the Leontief inverse matrix, which establishes the relation between per unit final use and sectoral input demand, X is the vector of exports, and is a matrix of import coefficients, that is a matrix of the proportion of inputs that is imported, per unit of output. When the export vector is pre-multiplied by the Leontief inverse matrix, we get a vector of outputs that are required in order to satisfy this vector of export demands. Pre-multiplying by gives the import content of the inputs that are used in order to produce the exports, .
To represent as a share of exports, we multiply by the inverse diagonal matrix of total exports , which gives the degree of vertical specialization, :
One difficulty with the calculation of vertical specialization lies in the fact that the matrix is neither reported nor computable in most input-output datasets. A method that is widely adopted in the field to deal with this issue is using the so-called 'proportionality assumption', whereby every sector is assumed to import inputs of material and services in the same proportion as the economy-wide import reliance for that input.
5 This assumption provides a straightforward way to overcome the problem of a lack of data on imported inputs. In Appendix 1 we present a clear method for constructing . Once we have constructed using the proportionality assumption, then VS can be calculated using available input-output data.
Note that, due to a lack of direct data on imported inputs, vertical specialization is merely an approximation of the import content of exports using each country's input-output data. A given tells us the proportion of a sector's export value that is imported, assuming the proportionality assumption holds. It is also not difficult to imagine that for each country some of the sectors might have greater than one because of this methodology. That is resulted from the fact that these are sectors that happen to have high trade deficit and at same time relatively low outputs. The combination of these two factors will make the approximated matrix much larger than the actual one. The values that are above one are indeed very difficult to interpret in terms of the proportion of export values that are imported. Nevertheless, a value, above or below one, is at least an indication of the degree of import dependence of a sector's exports.
It is also crucial to point out the difference between vertical specialization and the idea of 'valueadded trade' -a concept often mentioned in trade policy discussion and in global value chains research. Value-added trade is a special case of vertical specialization. A unit of exports consists of inputs and value-added. The value-added part of the export value is value-added trade. We can further decompose inputs into the production of exports into foreign and domestic inputs. Vertical specialization measures the proportion of the export unit value that is contributed by imported inputs. One minus vertical specialization ( ) then measures the domestic content embodied in export value. However, in general, value-added trade is only part of domestic content. The rest is accounted for by domestic inputs. The domestic content of exports (again, ) can be very close to value-added trade in a special case when a country imports foreign inputs and exports an assembled product. This is the case for processing trade, whose significance has been documented in China and Mexico. 6 At the other extreme is the case when a country imports inputs that simply substitute foreign for domestic inputs. In this case, a change of domestic content would have nothing to do with value-added trade. Nevertheless, even in the latter, extreme case, a change in would have effects on a country's domestic value-added, since it would indicate a fall in the production of domestic goods as inputs to the export good. This idea will be discussed in detail in Section 4.
3 Vertical specialization for China, India, Brazil, South Africa and the USA As a demonstration of our method and its application to the issue of industrial upgrading, we selected five countries and used the method presented in the previous section to calculate vertical specialization indices for all sectors for each of the three years of data. The procedure is the following:
1. Extract the basic flow matrix, the vector of total imports, the vector of total exports, and the vector of total outputs from each country's input-output tables. 2. Check the country's sectoral specification table and conduct necessary aggregations, in order for the sectors to be comparable across the countries. 3. Sectors with zero exports and/or imports are taken out to avoid unreasonable results. This is done in a way that is consistent with each country's table's sectoral specifications. 4. Construct the matrix using the standard input-output algorithm.
5. Construct the vector using the (transformed) proportionality assumption, as stated in Appendix 1. Calculate using equation (2).
6. Due to the proportionality assumption, for each country there are a few sectors (mostly service sectors) that give negative vertical specialization indices. We delete these sectors.
Following this procedure, we used the OECD input-output dataset to calculate levels of for the USA, China, India, Brazil and South Africa for 1995, 2000 and 2005. The full results are reported in Appendix 2, but a few comments are in order. We note, first of all, that the degree of vertical specialization increased for all countries over the past 15 years -a clear indication of the general growth in international production networks in trade Second, our calculations are quite close to those of Koopman et al. (2010) , despite the fact that their work uses a different algorithm and a variety of data sets. 7 The comparison of the results for those five countries is reported in Table 1 . Koopman et al. (2010) .
Note that in this particular five-country sample we do not see any systematic upward or downward bias in our measure of compared to Koopman et al. (2010) . Only in the case of India and South Africa do the two methods give results that differ by more than five percentage points. This does not seem particularly large, however, given that they rely on different algorithms and slightly different coverage in terms of sectors.
To get some intuitive feel for the levels and changes in vertical specialization in our sample, we compare across sectors within countries. Figures 1a -1e show the calculations for the USA, China, India, Brazil and South Africa, in selected sectors. In the case of the USA (Figure 1a ), vertical specialization increased in all selected sectors between 1995 and 2005, except for two. Electrical machinery and textiles show the clearest increase. These are two of the most well-known cases of globalized production, where US firms have increasingly relied on imported inputs, and thus would be expected to show the most evidence of increase in vertical specialization. In China (Figure 1b ) the decrease in vertical specialization is greatest in the selected manufacturing sectors, again consistent with China's much heralded success in those sectors. From the perspective of developing country firms, upgrading in a sector means relying less on imported inputs. At same time, 'business and other services' sector showed the most rapid increase. As for India (Figure 1c) , all sectors show an increase in vertical specialization, except the computer-related sectors and the business-related sectors -the two major service sectors for India. Brazil had a decrease in vertical specialization in the primary and tertiary sectors, but an increase in the selected manufacturing sectors. Finally, for South Africa there is a marked increase in vertical specialization in all sectors between 1995 and 2005.
Vertical specialization and economic upgrading
The global increase in vertical specialization reflects the increased prominence of global value chains. The presence of such global value chains -with lead firms governing often complicated networks of suppliers -has transformed the structure of international trade and the nature of economic development. Economic development has become synonymous with 'upgrading' in global value chains, defined as a shifting of production from lower to higher value added parts of global value chains, or the ability of producers 'to make better products, to make products more efficiently, or to move into more skilled activities' (Pietrobelli and Rabellotti, 2006, p. 1) . Humphrey (2004) and Humphrey and Schmitz (2002) identify various distinct types of economic upgrading, including process upgrading, product upgrading, functional upgrading and intersectoral upgrading. Process upgrading is the improvement in the production process of a given product in the supply chain that results in higher value added in production. Product upgrading is the shift into a higher value added product within the same global value chain. Functional upgrading refers to the move into higher value added aspects of a given production process. Intersectoral upgrading (sometimes referred to as chain upgrading) involves moving into completely new product areas that generate higher value added. In addition to the aforementioned four types of upgrading, we designate a fifth type -'vertical upgrading'. If over a period of time a particular sector's exports contain less import content, holding everything else constant, then we say that this sector has experienced vertical upgrading. This type of upgrading is particularly useful in thinking about the implications of changes in the intersectoral pattern within a country of changes in vertical specialization.
Vertical specialization measures a country's import content of exports, and the vertical specialization index indicates the degree of foreign dependence of a country's export to foreign imports. Thus, as we noted above for the case of Chinese manufacturing, if a sector of a country is able to successfully reduce its import content or foreign dependence, this implies that the particular sector of that country has experienced vertical upgrading. One can imagine a unit of export is composed of three parts -domestic inputs, foreign inputs and domestic value added. From a purely accounting perspective, a reduction of foreign inputs will have two effects. First, the reduction of foreign inputs comes from an increase in the use of domestic inputs. This would mean that more value is added domestically through the 'backward linkage effect' 8 channelled through higher input demand. The second effect is more typical for the case of processing trade (the first special case if we recall Section 1), that is as foreign inputs are reduced, domestic value-added increases because a larger segment of the value-adding process is performed domestically. Precisely due to the existence of these two effects, if a larger share of export value is being contributed domestically, then, we view it as (vertical) upgrading.
Linking the idea of vertical specialization to upgrading thus requires us to determine how a country's vertical specialization changes over time. The change in vertical specialization is often measured by comparing the VS indices at two points in time. For example, Miroudot and Ragoussis (2009) calculate the percentage changes in vertical specialization at the aggregate level from 1995 to 2000 for a panel of 34 countries. While this method of comparison gives us a very general picture of how vertical specialization changed over a period of time, the method has a few shortcomings, in particular when our purpose is to use our comparison to gauge functional upgrading. Most importantly, since vertical specialization is a ratio (of import content to exports, as expressed in equation (2)), we do not know whether changes in the ratio result from changes in import content (the numerator) or in exports (the denominator). For example, when we say that China's chemical sector's vertical specialization fell from 38.5 percent in 1995 to 20.0 percent in 2005, we do not know to what extent this change was due to a change in the propensity to vertically specialize or simply the result of a change in exports.
Vertical specialization is significant today in magnitude and in its geographic scope because of the globalization of production, which has been well documented. 9 It is not surprising, then, that measured shows an increase for most sectors in all countries over time (see Hummels et al., 2001; Miroudot and Ragoussis, 2009; and WTO, 2011) . However, if a country as a whole has increased its vertical specialization ratio over time, it does not necessarily mean that this country has experienced vertical downgrading. On the contrary, since economic development increasingly requires participation in global production networks, a broad rise in VS would be expected. What matters more is how the pattern of vertical specialization has changed within this country, that is across sectors.
To conclude, in order to link vertical specialization to industrial upgrading, we are more concerned with how the cross-sectoral pattern of vertical specialization changes over time, rather than with the country-wide change of import content to export ratio. In the next subsection, we propose a new measure that is better able to capture the change in the sectoral pattern of each country's vertical specialization compared to the measure.
The import content of export expansion ratio, or ' '
Here, we propose a new measure of change of import content of export which is able to avoid the shortcomings of change of mentioned in the last subsection. This measure involves measuring the change of import content while normalizing growth in exports. By doing so, we isolate the change in vertical specialization due strictly to changes in import content. We call this the import content of export expansion, or , and define it as follows:
In equation (3), is the import content of country i's sector j's export, which can be computed from equation (1) if for sector j the degree of vertical specialization stays the same over time, or the import content of export has grown at the same rate as export growth for country i, then would be zero. In general, however, this difference will deviate from zero. The shows the degree and direction of change in a sector's import content that is purely due to the change in the vertical specialization pattern. This is closer to our notion of industrial upgrading.
The vector of values can be transformed into a vector of ratios by multiplying it by the inverse diagonal matrix of , as follows: (4) We computed the for the five countries in our sample for the period 1995-2005. Results for selected sectors are presented by bar charts in Figure 2 . The USA and South Africa have 10 Since we are comparing values from two different time periods, we should adjust one of the values by the producer price index to make the two values comparable. In our calculations presented below, we deflate the 2005 import content by the GDP deflator, since we do not have producer price indexes for all countries. experienced significant import content expansion between 1995 and 2005 for all selected sectors, i.e. vertical downgrading in all selected sectors. The three rapidly developing countries -China, India and Brazil -had varied results across sectors, with some sectors experiencing expanding import content and some shrinking. This indicates that some sectors are experiencing vertical upgrading, and others are vertical downgrading.
Comparing Figure 2 to Figure 1 , we can see that reveals some important information that is concealed in measure. Take China as the example. In Figure 1b , we see that between 1995 and 2005, the textiles sector saw a slight reduction in the import content of exports ratio ( ). But in Figure 2b , the structural reduction of the import content for the textiles sector is relatively large. Figure 1b also shows that China's chemicals and pharmaceuticals sector had a clear reduction in the import content of exports ratio, but in Figure 2b , the direction of change reverses for the chemicals and pharmaceuticals sector (positive ). This difference tells us that, for the Chinese textiles sector, between 1995 and 2005, although its import content of exports ratio fell slightly, the growth of its import content is much less than the growth of this sector's exports. Therefore, structurally speaking, as indicated by the , the import content of exports for this sector had fallen more drastically than indicated by the change in . For China's chemical and pharmaceuticals sector, the import content of exports ratio fell (as seen in Figure 1b) . However, as seen in Figure 2b , the rose for this sector in China. This is because the measure adjusts for export growth, which was apparently the most important factor in the decline of vertical specialization. When we adjust for export growth, we see that the import content rises. In other words, comparing the import content in 2005 to the counterfactual level of import content, where the propensity of vertical specialization is held constant, the measure shows that the import content has expanded. The shows the changing structure of import content more clearly than . We can also see this in the US case. Comparing Figure 1a to Figure 2a , we see that the direction of change reverses for the radio television and communication equipment sector and business-related services sector.
ICEER and vertical upgrading in global value chains
The can be used directly as a measure of vertical upgrading and downgrading. Since the indicates the direction and degree of the structural change of a country's import content, then a negative indicates a structural reduction of the foreign import content in sector j's export for a particular country. A negative thus means a reduction in the import content of exports and reflects a country's increased participation in the value chain, i.e. vertical upgrading. A positive implies the opposite -that is an increased reliance on imports and thus vertical downgrading. Table 2 summarizes our findings for a sample of five countries and eight sectors. Vertical upgrading (a decline in ) is indicated with a plus sign, and vertical downgrading (a rise in ) is indicated with a negative sign. We see again the successes of China, India and Brazil, and the downgrading observed across all sectors in South Africa and the USA. 
Sources: Authors' own calculation.
Lastly, a few words need to be said about the limitations of vertical upgrading and its measure -. First, if a sector upgrades vertically (using the measure of ), it does not necessarily mean that this sector has upgraded to higher value-added production. 11 That is because an increase in domestic content may only involve the substitution of domestic inputs for foreign inputs with no effect on value added. Second, vertical upgrading does not say anything about technological change. For example, a sector with high might be experiencing functional or chain upgrading (rather than vertical upgrading) because of a shift to higher-tech and higher value added foreign inputs as it produces a higher value added product domestically. Thus a high (vertical downgrading) could be observed at the same time that there is functional or chain upgrading. Third, vertical upgrading as measured by assumes proportional adjustment of quantity changes to price changes. Since import content is equal to the import price multiplied by quantity of imports, then if foreign input prices change but quantity demanded does not adjust smoothly, then, the change in would be the result of a price change alone. We should add that these shortcomings are quite typical of analysis done using an input-output framework.
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Despite these shortcomings, nonetheless given a clear indication of a sector's degree of participation in global production networks.
Conclusion: vertical specialization and economic development
Vertical specialization is a measure of the degree of internationalization of production in international trade, a product of the growth over the past 25 years in global production networks or global value chains. In this preliminary note, we have tried to connect vertical specialization to the notion of industrial upgrading in global value chains. We linked vertical specialization with industrial upgrading using a new measure that captures the degree and direction of the structural change of vertical specialization -the import content of export expansion ratio (or ). The measure isolates that part of the change of import content that is purely due to the change in the propensity to vertically specialize. We have argued that the is a more suitable candidate for understanding upgrading if we define vertical upgrading as the structural reduction of foreign inputs per unit of exports.
For the panel of five countries, USA, China, India, Brazil and South Africa, we computed both and using the OECD input-output database data, and reported the results for the aggregate as well as for the selected sectors. We used the calculations to illustrate sectoral up/down grading, which helps to identify the functional upgrading and downgrading sectors for each country. It is evident from this table that those fast-growing countries experienced a structural reduction in the import content of their exports for some of the main sectors between 1995 and 2005.
While the measure is capable of helping us to identify if a sector in a country is experiencing vertical upgrading or downgrading, it says nothing about a country as a whole, since in general a country will have sectors with both positive and negative s. This suggests some possible extensions of the current analysis. In addition to expanding our sample of countries and sectors, the next step in the research on vertical specialization will be to assess its relevance for economic development. This will require constructing country-wide upgrading and downgrading indices and assessing how changes in the structure of vertical specialization correspond to indicators of sustainable economic development, including productivity growth and wage growth. The goal of the project is to connect the research on vertical specialization to the theory and measurement of economic development in which global value chains are recognized as an organizing institution.
Appendix 1: Construction of the matrix
The proportionality assumption can be expressed as follows:
where : the intermediate use of sector i's outputs as inputs for sector j.
: The part of that is foreign (imported).
: The diagonal matrix of total imports (and its inverse pre-multiplied by gives us a vector of proportions of imported inputs to total imports). : The vector of total absorptions where is the vector of total outputs. Thus, the left hand of the equation above is the proportion between imported intermediates and total imports, and it is assumed to be equal to the right hand side -the ratio between total intermediate inputs and total absorptions -by the proportionality assumption. To make this equation operational, we apply vector cross-multiplication, giving:
Equation (3) states that the ratio between imported intermediates to total intermediates is the same as the ratio between imports to total absorption for each sector -the proportionality assumption stated in a different way. Let us call this vector of ratios . Notice that the here is easily computable using input-output data on imports and total outputs.
This new equation states that the ratio of imported intermediates to total intermediates is the same as the ratio of imports to total absorption for each sector -the proportionality assumption stated in a different way. We call this vector of ratios . Notice that is easily computable using inputoutput data on imports and total outputs.
Under the proportionality assumption, the vector of ratios, , is the same as the ratios of imported intermediate goods to total intermediate goods. In this case, the matrix can be constructed by pre-multiplying the matrix by the diagonal matrix of as shown in the matrix algebra below:
Once we have constructed A M using the proportionality assumption, then VS can be calculated using available input-output data.
